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Discussion 

A number of recent reviews descr ibe s u p e r c r i t i c a l  f l u i d  ex t rac t ion  (1,2,3), 
however, t h e  l i t e r a t u r e  conta ins  r e l a t i v e l y  few examples where s u p e r c r i t i c a l  f l u i d  
so lvents  have been used t o  modify or c o n t r o l  r e a c t i o n  rate constants .  Liquid phase 
reac t ions  have been s tudied  over  wide pressure  ranges, e.g. 1-10 kbar, t o  determine 
a c t i v a t i o n  volumes, Le. t h e  pressure d e r i v a t i v e  of t h e  rate constant .  These s tudies  
e s s e n t i a l l y  ignore the  h ighly  compressible near  s u p e r c r i t i c a l  region where a c t i v a t i o n  
volumes can become i n f i n i t e ,  e i t h e r  p o s i t i v e l y  o r  negat ively.  

It is i r o n i c  t h a t  t h e  l a r g e  growth i n  SF e x t r a c t i o n  a t  t h e  Max Planck I n s t i t u t e  
i n  Germany i n  t h e  1960's w a s  t h e  r e s u l t  of a serendip i tous  discovery of the solvent  
power of s u p e r c r i t i c a l  e thylene  during the "Aufbau" reac t ion  of triethylaluminum 
wi th  ethylene (4). The l i t e r a t u r e  contains  few examples where s u p e r c r i t i c a l  f l u i d s  
have been used as a medium to modify o r  c o n t r o l  reac t ion  rate cons tan ts  (5 ,6 ,7) .  

Simmons and Mason (7) observed an abrupt  decrease i n  AvT near t h e  c r i t i c a l  con- 
d i t i o n s  f o r  t h e  c y c l i c  d imer iza t ion  of C2F3C1. It i s  due t o  t h e  l a r g e  negat ive par- 
tial molar volume o f  t h e  dimer i n  t h e  t r a n s i t i o n  state. A t  120°C, t h e  rate constant 
doubled f o r  a pressure increase  from 43 t o  53 bar .  
volumes a s  low aa -500 cc/mol f o r  t h e  Diels-Alder cycloaddi t ion of isoprene and maleic 
anhydride i n  COz. 
severa l  bar. 
t r a n s i t i o n  state, which is on t h e  order  of  3-7 Debye f o r  o ther  d ienes  with maleic 
anhydride (8 ) .  

so lvents  on r e a c t i o n  rate cons tan ts .  I n  the  near  cr i t ical  region,  a l l  of t h e  densi ty  
dependent v a r i a b l e s  such as t h e  d i e l e c t r i c  cons tan t ,  r e f r a c t i v e  index, fugaci ty  coef- 
f i c i e n t .  and s o l u b i l i t y  parameter are extremely s t rong  func t ions  of temperature and 
Pressure.  
t r a c t i o n ,  could a l s o  be explo i ted  i n  r e a c t i o n  processes. 
could be  changed orders  of  magnitude using modest changes i n  t h e  temperature and 
Pressure in t h e  c r i t i c a l  region. A W-vis ib le  spectroscopic  technique has been 
appl ied .to s u p e r c r i t i c a l  f l u i d s  f o r  the  f i r s t  time t o  determine the solvent  po lar i ty  
a s  a funct ion o f  temperature and pressure.  
chromism, i.e., s h i f t s  i n  t h e  absorpt ion wavelength of i n d i c a t o r  dyes caused by the 
solvent .  a r e  used commonly t o  c o r r e l a t e  and t o  pred ic t  r a t e  cons tan ts  f o r  l i q u i d  phase 
react ions.  
achieve and cont ro l  the d e s i r e d  s e l e c t i v i t y  i n  p a r a l l e l  reac t ions ,  t h e  y ie ld  i n  rever- 
s i b l e  reac t ions ,  and to  recover  and pur i fy  reac t ion  products e f f i c i e n t l y  using super- 
c r i t i c a l  f l u i d  ex t rac t ion .  

Conclusions 

P a u l a i t i s  (6)  measured a c t i v a t i o n  

The rate cons tan t  increased about 60% f o r  a change i n  pressure Of 

The pronounced solvent  e f f e c t  i s  due t o  t h e  l a r g e  d ipole  moment of the 

The objec t ive  i s  to measure and t o  p r e d i c t  the  e f f e c t s  of s u p e r c r i t i c a l  f l u i d  

This  s e n s i t i v i t y ,  which is used advantageously i n  s u p e r c r i t i c a l  f l u i d  ex- 
For example, rate constants  

Solvent p o l a r i t y  scales based on solvato- 

Novel processes  could be  developed using s u p e r c r i t i c a l  f l u i d  so lvents  to  

For dyes such as phenol b lue ,  solvatochromic s h i f t  d a t a  provide a s e n s i t i v e  indi- 
c a t i o n  of  t h e  s t r u c t u r e  and p o l a r i t y  of s u p e r c r i t i c a l  f l u i d  so lvents .  
of s u p e r c r i t i c a l  e thylene  and l i q u i d  hex&e become equiva len t  f o r  a densi ty  r a t i o  of 
c2/c6 O f  2.7 s i n c e  t h e  lat ter is more polar izable .  
used to predict  t h a t  the  a c t i v a t i o n  volume is -5000 cc/mol f o r  t h e  Menschutkin reac- 
t i o n  Of tripropylamine and methyl iodide. 
u g h  compressibi l i ty  of SF e thylene  i n  t h e  c r i t i c a l  region.  
t h a t  rate cons tan ts  may b e  a l t e r e d  markedly i n  SF so lvents  using small  changes i n  

The p o l a r i t i e s  

A t  25OC and 66 bar, the  da ta  were 

This l a r g e  nega t ive  va lue  i s  due t o  t h e  
These r e s u l t s  suggest 
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temperature and pressure.  

s t a t e  by including the e f f e c t s  of t h e  isothermal  compressibi l i ty .  The l o c a l  dens i ty  
of t h e  SF solvent  about t h e  s o l u t e  can be obtained by comparing t h e  experimental ET 
with the  i n t r i n s i c  value, ETo,  which is ca lcu la ted  s t ra ight forwardly  f o r  incompress- 
i b l e  l iqu ids .  A t  t h e  bulk dens i ty ,  t h e  p o l a r i t y  of  t h e  SF solvent  is equivalent  t o  
t h a t  of 8 hypothet ical  reference l i q u i d  a t  the  l o c a l  dens i ty .  
which is due t o  hydrogen bonding, may be  obtained by comparing t h i s  hypothe t ica l  
reference f l u i d  with t h e  experimental da ta .  For C F p ,  the  s p e c i f i c  p o l a r i t y  appears 
t o  be  less s e n s i t i v e  t o  dens i ty  than t h e  i n t r i n s i c  p o l a r i t y .  
t h e  p o l a r i t y  of SF so lvents  a t  t h e  microscopic l e v e l  w i l l  benef i t  t h e  development of 
both ex t rac t ion  and reac t ion  process  a t  SF condi t ions.  
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